In the present study, we investigated the relation between clinical parameters and levels of interleukin (IL) -4 and -5, and tumour necrosis factor-α (TNF-α ) in the leukocyte incubation medium (LIM) obtained from 26 patients with chronic periodontitis (P) and 26 control group subjects (C). The levels of cytokines IL-4 and IL -5 produced by the LIM stimulated with non-opsonised E. coli were determined using the Enzyme-Linked Immunosorbent Assay (ELISA) method and the levels of TNF-α were evaluated by applying Enzyme Amplified Sensitivity Immunoassay (EASIA). TNF-α levels in stimulated LIM were strongly positively correlated with clinical parameters such as the pocket probing depths (PPD), the clinical attachment level (CAL), the bleeding on probing (BOP) and oral hygiene index (OHI), whereas the IL-4 and IL-5 levels in the analogous medium were strongly negatively correlated with the clinical parameters. IL-4 and IL-5 levels in stimulated LIM of P group patients were significantly lower, whereas TNF-α levels were significantly higher than that in analogous medium of C group subjects. These differences were associated with the severity of periodontal disease.
Background
Periodontitis is a multifactorial polymicrobial infection characterised by a destructive inflammatory process affecting the tooth-supporting tissues and resulting in periodontal pocket formation, alveolar bone resorption, and eventually tooth loss. More than 700 different bacterial species can be detected in samples obtained from the subgingival plaque biofilm and other sites of the oral cavity [1] . Some of these species increase in number and proportion in plaque samples obtained from diseased subjects and have the capacity to express unique virulent factors associated with inflammatory pathogenic mechanisms in periodontal tissue [2, 3] . The anaerobic Gram-negative bacterial species, collectively known as the red complex, produce a broad array of virulence factors that allow them to colonise subgingival sites, disturb the host defence system, invade and destroy periodontal tissue, and promote an immune-destructive host response [4] .
Perpetuation of the host response due to persistent bacterial challenge disrupts homeostatic mechanisms and results in recruitment of polymorphonuclear neutrophils and monocytes/macrophages, and the subsequent release of mediators including pro-inflammatory cytokines, matrix metalloproteinases, arachidonic acid metabolites, and reactive oxygen species, as well as the release of mediators for osteoclastic bone resorption and connective tissue destruction, which are thought to play crucial roles in the pathogenesis of periodontal disease [5, 6] . Mononuclear leukocytes consisting of lymphocytes and monocytes are among the main sources of inflammatory cytokines, and it has been proposed that cytokine production by mononuclear cells of peripheral blood may reflect the activity of immuno-inflammatory diseases in specific tissues [7] . Some authors have demonstrated that the biological activity of a variety of cytokines may be directly related to periodontal destruction such as periodontal attachment loss, destruction of collagen, and alveolar bone resorption [8] . Other reports have demonstrated that biological mechanisms for the progression of periodontitis are not fully understood and still remain controversial despite much attention focused on the subject [9] .
Previous research has demonstrated that some cytokines, such as interleukin (IL)-12, interleukin -1 beta (IL-1β), interferon-gamma (IFN-γ), IL-6, and tumour necrosis factor-α (TNF-α), are involved in Th1 immune responses and induce mainly cell-mediated immunity [9, 10] . In contrast, IL-4, IL-5, IL-10 and IL-13 are involved in Th2 immune responses and promote humoral immunity due to the production of B cell growth and differentiation factors [10, 11] . The strongest role for cytokine functioning in the immune responses of periodontitis is attributed to the pro-inflammatory cytokines (IL-1β , TNF-α, IL-6 ), with accumulating data on T-cell regulatory cytokines (IL-12, IL-18), chemokines, and cytokines which mediate bone cell development and function (receptor activator of NF-Kb ligand, osteoprotegerin) also being involved, whereas the anti-inflammatory Th2 immune response is not associated with the progression of periodontal disease [12, 13] . On the other hand, other reports have demonstrated that the protective effect of the host response includes recruitment of polymorphonuclear neutrophils, production of protective antibodies, and possibly the release of anti-inflammatory cytokines including the transforming growth factor-β, interleukin (IL) -4, IL-10, and IL-11 [6] .
This imbalance between the Th1/Th2 profiles may play a role in the development of periodontitis.
The aim of this study was to investigate the potential correlation between IL-4, IL-5, and TNF-α and the clinical parameters of individuals, and to determine differences between clinical parameters and levels of IL-4, IL-5, TNF-α betwen control group subjects and patients with periodontitis.
Materials and methods

Subjects
For this study, 52 inhabitants (27 females and 25 males) of the city of Kaunas were selected and treated in the Department of Odontology, Medical Academy of Lithuanian University of Health Sciences. The age of the examined patients ranged from 19 to 45 years. They suffered from untreated inflammatory periodontal diseases confirmed by clinical examination and X-ray analysis. Chronic periodontitis subjects were diagnosed with generalized chronic periodontitis based on the criteria proposed by the 1999 World Workshop for Classification of Periodontal Diseases and Conditions [14] . The subjects were assigned to two groups: 26 patients with untreated generalized chronic periodontitis (P group) and 26 subjects without chronic periodontitis (control or C group). The distribution of periodontal diseases were evaluated by bleeding on probing (BOP) which was recorded as present or absent within 30 seconds after probing with the periodontal probe, the clinical attachment level (CAL), and pocket probing depths (PPD). These were assessed in all patients at six sites per tooth with a periodontal probe (PCP 15, Stoma Storz am Mark, Germany). The most severely affected site of the six was selected.
Oral hygiene status was evaluated by the Simplified Oral Hygiene Index (OHI-S; Green-Vermillion simplified) [15] . The OHI-S index consists of 2 components: plaque index (DI), and calculus index (CI). OHI-S = DI + CI.
All subjects were screened for suitability and selection of sampling sites and classified according to the degree of BOP, CAL, PPD, OHI-S. All participants were non-smokers, were free of systemic and internal diseases, were non-allergic and had not used medication and antioxidant drugs in the 6 month period prior to the study. All experiments were conducted in accordance with the rules and regulations approved by Kaunas Regional Bioethics Committee (approval Nr.BE-2-76). All subjects involved in this study signed the form of consent approved by the Kaunas Regional Bioethics Committee.
Reagents
Hank's balanced salt solution was obtained from Sigma chemical Co. (St. Louis, Missouri, USA). Plastic vials and other disposable pieces of plastic were obtained from Carl Rot GmbH & Co KG (Karlsruhe, Germany).
Blood sampling and leukocytes isolation
Fifteen milliliters of peripheral venous blood were taken from the subjects who had abstained from morning meals by means of a sterile vacuum test-tube containing heparin (20 IU/ml). Samples were centrifuged at 500 RCF for 35 min at 20-25°C. The supernatant plasma rich in leukocytes was aspirated, and the leukocytes count was leveled to 1 x 10 9 /l cells with Hank's balanced salt solution. Cells were counted using a hematological blood analyzer ADVIA 2120 (Siemens Healthcare Diagnostics, Dublin, Ireland). For stimulation, leukocytes were prepared by the Timm et al. method [16] . The stimulation of the cells were affected by soluble inductors. Phytohemagglutinin, Concanavalin A, purified protein derivates and lipopolysaccharide were used. Myelin basic protein had a direct stabilizing action on the membrane of lysosomes and induced an increased secretory reaction of cells after irritation. E. coli ATCC 25922 was grown in the Laboratory of Microbiology at Medical Academy of Lithuanian University of Health Sciences. Samples of the E. coli culture for the investigations were used within 24 hours at a concentration of 3×10 6 cells/ml.
Experimental protocol
Samples were prepared as follows: 0.475 ml of venous blood leukocytes were placed in each test tube, 0.025 ml of phosphate buffer was added to the first sample (control medium), 0.025 ml of non-opsonised E. coli was added to the second. The samples of leukocyte medium were placed into a thermostat heat block and kept for 45 min at 37°C. IL-4, IL-5levels were measured in leukocyte incubation medium (LIM) by ELISA. TNF-α-by EASIA.
Cytokine measurement
In the samples of peripheral venous blood leukocytes, the cytokines levels of IL-4, IL-5 were determined by Enzyme Linked Immunosorbent Assay (ELISA) method. Human IL-4, IL-5 ELISA Kit (Anogen, Canada) was used for the in vitro quantitative determination of human IL-4, IL-5 levels in peripheral venous blood leukocytes medium. Cytokine concentrations (pg/ml) were determined with a standard curve derived from known amounts of the relevant cytokine using absorbance readings at 450 nm on a spectrophotometer. The levels of TNF-α in the medium of the samples with peripheral venous blood leukocytes were determined by Enzyme Amplified Sensitivity Immunoassay (EASIA) method. Human TNF-α EASIA kit (Biosource Europe S.A., Belgium) was used for the in vitro quantitative determination of TNF-α concentrations in the medium of human leukocytes. A calibration curve was plotted and TNF-α concentration (U/l) in samples was determined by interpolation from the calibration curve.
The experiments with leukocytes of each patient were performed in triplicates.
Statistical analysis
Statistical analysis was performed by using software IBM SPPS Statistics 21. Data was presented as mean (m) ± standard deviation (SD). The Student's t test was used for testing hypotheses about equality of means. For testing hypotheses about independence, the chi-square test was used. Spearman's correlation coefficient to determine correlations between tested parameters was used. The level of statistical significance by testing statistical hypothesis was 0.05.
Results
We used biochemical means to study the ability of leukocytes to protect the periodontal tissues and to analyze the possible dependence of secretory activity of these cells on the severity inflammatory periodontal diseases. The descriptive statistics of clinical parameters of individuals in the P and C groups are presented in Figure 1 . These groups did not differ by mean age. The mean age of group P was 32.1±0.7 years, similar to that of group C (32.0±1.2 years) (P >0.05). The mean pocket-probing depth in group P was 6.003±0.641 mm, 5.796 mm deeper than that in group C (0.207±0.037 mm) (P<0.001). The mean clinical attachment level in group P (6.005±0.490 mm) was significantly higher (P<0.01) than that of group C (0.987±0.317 mm). Bleeding on probing was recorded as present in group P (0.780±0.059). The mean OHI-S value in group P (3.114±0.403) was significantly higher (P<0.01) than that of group C (0.244±0.025).
It is evident from the data that there were no significant differences between either of the examined groups (C, P) in their mean of leukocyte count in the incubation medium (P>0.1) and in the peripheral blood of neutrophils (P>0.1), whereas the difference of lymphocyte count between the P and C groups in the peripheral blood was statistically signifi cant (P<0.01 ) ( Table 1 ,2).
The results for the levels of IL-4, IL-5 and TNF-α in the LIM of peripheral venous blood assays of patients with periodontitis and control group subjects are given in Table 3 . Intragroup comparison of the TNF-α levels in patients with periodontitis showed a signifi cant increase in the LIM stimulated with non-opsonised E. coli compared to the control leukocyte medium (P<0.01). In contrast, there was no effect on the production of TNF-α cytokine levels by LIM stimulated with non-opsonised E. coli in comparison with control leukocyte medium from the C group subjects (P>0.05). A signifi cant rise of IL-4 and IL-5 levels were observed in the LIM stimulated with non-opsonised E. coli of C group subjects as compared with the levels in the control leukocyte incubation medium (P<0.01; P<0.01). Our findings showed significant differences in the IL-4 and IL-5 levels in the peripheral venous blood LIM of periodontitis subjects stimulated with non-opsonised E. coli as compared with the control leukocyte incubation medium (P<0.01; P<0.01).
The mean values of IL-4 and IL-5 levels in LIM of patients with periodontitis stimulated with non-opsonised E. coli were significantly lower than that in the analogous medium of C group subjects (P<0.001). Remarkably, a significant rise of TNF-α levels in patients with periodontitis were detected in LIM stimulated with non-opsonised E. coli in comparison with the analogous leukocyte medium of C group subjects (P<0.001). In contrast, no significant differences were seen in the IL-4, IL-5 and TNF-α levels in control leukocyte medium of patients with periodontitis and in analogous leukocyte medium of C group subjects (P>0.05, P>0.05, P>0.05).
Scatterplot matrix for all variables is presented in Figure 2 . TNF-α levels in LIM stimulated by non- 
Discussion
Periodontitis is a chronic infectious disease with a multifactorial nature, which is characterised by the destruction of collagen fibres and other matrix constituents of periodontal ligaments and alveolar bone around the teeth in conjunction with the formation of periodontal pockets [6] . The gingival sulcus is home to a complex microbial ecosystem [17] . However, the presence of periodontopathogens is required but not sufficient for disease initiation [18] . A series of studies have demonstrated that the persistent host inflammatory immune response against the pathogens results in the destruction of soft and mineralised periodontal tissues [18, 19] . These interactions lead to the secretion of various cytokines by host cells. The Toll-like receptors TLR-2 and TLR-4 are expressed by resident cells and leukocytes in the periodontal environment, and activate the innate immune response by binding to various bacterial components (lipopolysaccharide, bacterial DNA, diacyl lipopeptides, peptidoglycan, etc.) [20, 21] . After TLR activation, an intracellular signalling cascade is stimulated, leading to the activation of transcription factors and to subsequent inflammatory cytokine expression, antibodies, leukocyte migration, and osteoclastogenesis [22] . IL-1β and TNF-α are critical determinants of the progression of periodontitis; these cytokines can induce the expression of adhesion molecules and secondary mediators that facilitate and amplify the inflammatory response, matrix metalloproteinase production, and bone resorption [6] . Bodet et al. reported that polymicrobial challenges involving Porphyromonas gingivalis, Trepomena denticola, and Tannerella forsythia resulted in an increase in pro-inflammatory cytokine production in an ex vivo whole blood model [23] . Some authors have reported that serum levels of TNF-α were significantly higher in patients with generalised periodontitis compared to healthy groups [24] . These results are in line with the study of Gorska et al. [9] who found a signifi cant increase in the serum TNF-α level in patients with chronic periodontitis. Our data corroborate this, as stimulated leukocytes from the patients with untreated severe generalized chronic periodontitis produced a signifi cantly higher level of TNF-α than the analogous cells of the C group subjects did. The bacterial load in the dental plaque of patients with periodontitis might infl uence the cytokine levels in the peripheral blood; specifi cally, the presence of Aggregatibacter actinomycetemcomitans and P. gingivalis in the dental plaque of patients with periodontitis could be associated with signifi cantly increased serum levels of IFN-γ and TNF-α, respectively [24] . Jurisic et al. reported that the concentration of TNF-α is signifi cantly increased in radicular cysts in terms of cyst wall thickness, count of infl ammatory cells, degree of vascularization per mm 2 and other epithelial characteristics [25] . In contrast, other studies have detected no increase in the TNF-α level in the serum of patients with periodontitis [26] . Therefore, the suppression of TNF-α release and increase of IL-10 production may protect tissues in the infl ammation focus [27] .
IL-4 and IL-5 are Th2 anti-infl ammatory cytokines that regulate a number of cell types and their functions. IL-4 is a 14-kDa molecule that is primarily produced by T cells; it has a range of functions including the costimulation of B cells, T cells, and mast cells, and the induction of antibody isotype switching to IgE and, in humans, to IgG4 [28] .
IL-5 exists as a 34-kDa homodimer, is primarily produced by activated T cells, and regulates the production of eosinophils [29] . Pradeep et al. reported that the mean concentration of IL-4 in the gingival crevicular fl uid decreased in patients with periodontal disease compared to patients with good periodontal health [30] . Taken together, these fi ndings suggest that the localised absence of IL-4 might lead to the development of gingivitis into periodontitis [31] . In the study of Tam et al. 
BOP-bleeding on probing , PPD-pocket probing depths (mm), OHI-S-simplifi ed Oral Hygiene Index, CAL-clinical attachment level (mm).
[32], both IL-4 and IL-5 were found to be inactivated by the major virulence factor of P. gingivalis, the RgpAKgp complex, under physiologically relevant conditions. This dysregulation is likely to be localised to the site of infection, where there is a high level of pathogens in subgingival plaque and of secreted proteinases in the subjacent tissues [13] . We found that the leukocyte medium obtained from patients with periodontitis stimulated with non-opsonised E. coli produced significantly lower levels of IL-4 and IL-5 than the analogous medium of control group subjects. The leukocyte count in the incubation medium could not have had any substantial influence on the results for groups of periodontitis patients and control group subjects.
Gorska et al. assessed the relationship between clinical parameters and concentrations of the key cytokines (IL-1β, TNF-α, IL-2, IFN-gamma, IL-4, and IL-10) important in the initiation and progression of periodontal disease in the inflamed gingival tissues and serum samples from patients with severe chronic periodontitis [9] . However, serum samples from both groups showed high individual variability of cytokine profiles, and no association between cytokine concentrations and clinical parameters of periodontitis was found [9] . Furthermore, Tobon-Arroyave et al. found a positive correlation between clinical parameters and IL-1β levels in salivary samples of chronic periodontitis patients [33] .
Our study showed that TNF-α levels in the LIM stimulated by non-opsonised E. coli strongly positively correlated with the clinical parameters PPD, CAL, BOP and OHI-S, whereas the IL-4 and IL-5 levels in the analogous medium strongly negatively correlated with these same clinical parameters. It is possible to explain these results by the weaker effect of TNF-α cytokine on the blood vessels of gum tissue. In the later stage of periodontitis the effect of periopathogens is weaker, whereas the functions of immune mediators are stronger [34] . It may be possible that in the case of chronic periodontitis, stage TH-2 lymphocytes and their mediators can activate the synthesis of non-protective antibodies, which causes an adverse autoimmune reaction type in periodontal tissues. In addition, the microorganisms of periodontal diseases can lead directly to the activation of polyclonal B-lymphocytes [34] . Lymphangiogenesis takes place in gingiva during periodontal disease development, and the up-regulation of vascular growth factor C in recruited immune cells is likely important for the growth of lymphatic vessels [35] . As a general rule, pro-inflammatory mediators have been associated with tissue destruction, while antiinflammatory mediators can counteract and attenuate disease progression. With the discovery of several Tcell subsets with distinct immunoregulatory properties, this pro-versus anti-inflammatory scenario has become more complex, and a series of studies have postulated protective or destructive roles of polarised lymphocyte subpopulations (Th1, Th2, Th17 and Tregs) [36] . Cytokine secretion in patients with periodontal disease is important for setting a treatment method. Antimicrobial and anti-inflammatory drugs can improve the humoral immunity and can modulate cellular immunity by mitigating the elevation of pro-inflammatory cytokines, thereby enhancing the increase of anti-inflammatory cytokines through an immunomodulating effect [37] .
Conclusion
The leukocyte medium from the peripheral venous blood of patients with periodontitis stimulated with nonopsonised E. coli produced significantly lower levels of IL-4 and IL-5 than the analogous medium subjects with C group (P<0.001). Significantly higher levels of TNF-α were produced in the leukocyte medium from the peripheral venous blood of patients with periodontitis stimulated with non-opsonised E. coli compared with the analogous medium of C group subjects (P<0.001).
TNF-α levels in the LIM from periodontitis patients stimulated by non-opsonised E. coli were strongly positively correlated with clinical parameters, i.e. with the pocket probing depths, the clinical attachment level, the bleeding on probing and Oral Hygiene Index, whereas the IL-4 and IL-5 levels in the analogous medium were strongly negatively correlated with these same clinical parameters.
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